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ABSTRACT

Recent work related to cooperative communication and power allocation has attracted much attention among researchers. This paper compares orthogonal multiple 
access (OMA), non orthogonal multiple access (NOMA), and cooperative NOMA. NOMA takes the advantage of successive interference (SIC) for detection at the 
receiver. Strong(near) users are used as a relay for helping in transmission of weak (far) users or in other words cooperative communication is implemented. In this 
paper, near users are used as relays for far users. One far user and many near users scenarios are considered. The total transmission is divided into two stages namely: 
direct and the cooperative. The proposed work also give priority to certain users while maintaining the fairness in resource allocation. The simulated results from 
MATLAB verify the theoretical knowledge that cooperative communication outperforms non-cooperative communication for the outage probability, achievable rate, 
and transmit power. In this paper, closed form outage probability expressions are used.
Index Terms—Achievable rate, capacity maximization, power allocation, relay, fairness maximization
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I. INTRODUCTION

The relaying mechanism is an important method to improve the quality of wireless communica-
tion [1]. Due to channel fading, the relay can virtually extend the base station coverage, which 
can reduce the outage probability [2]. To achieve higher spectral and power efficiency, including 
network coverage while minimizing outage probability, cooperative relaying communication 
has emerged as a suitable approach [3]. So far, significant progress has been made regarding 
the relaying method to enhance fading channels through multipath propagation in wireless 
communication. Because of the nature of the relay technique in wireless communication, it has 
gained significant attention. Cell edge users are the most affected by impairments of signals [4].

This section examines related work compared to the proposed work regarding optimum power con-
trol to guarantee fairness maximization in the base station to relay wireless communication; opti-
mum power allocation in a closed-form expression was proposed in [5]. As an effective means to 
mitigate the effects of channel fading, cooperative NOMA was proposed in [6] to improve resource 
allocation such as user’s fair throughput. The work in [7] proposes a user group algorithm that maxi-
mizes the fairness of two-user multibeam satellite networks which are using NOMA. In [8], the maxi-
mum–minimum technique is proposed to improve priority for network resource allocation.

The authors in [9] proposed optimum fairness to maximize the user’s achievable rate, and the 
closed-form optimal solution was derived. A cooperative diversity scheme to improve network 
coverage proportional fairness into a cooperation algorithm is proposed in [10]. In [11], dynamic 
power allocation with user mobility is proposed to achieve a gain of sum rate and rate fairness. 
The authors in [12] proposed an efficient power allocation method to maximize the minimum 
achievable vehicle rate to guarantee fairness.

II. RELATED WORK

A. Cooperative Diversity in Wireless Communication
The key aspect in developing cooperative multiple access transmission systems is that users with 
stronger signals act as a relay to cell edge users with weaker signals. Successive interference 
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cancellation (SIC) is implemented at the receiver in the NOMA system. 
Using NOMA, the stronger user decodes the signal of the weaker user 
before it detects its signal, while the weaker user decodes its signal 
first before it detects the stronger signal. The transmission scheme 
exploits either the direct transmission phase or the cooperative 
transmission phase. Without the involvement of a cooperative tech-
nique, both signals from the weak and strong can be broadcasted 
by the base station (BS). In the event of cooperative communication, 
stronger users assist as a relay to forward the decoded information 
to the weak user by utilizing the SIC mechanism. By doing so, the 
weaker user’s coverage reliability can be drastically enhanced.

B. Relay Protocol
Relaying protocol is the most fundamental enabler in wireless com-
munication to extend cell edge coverage [13], the relay collaboration 
can be performed by using intermediary nodes to convey data to the 
destination (known as relays or helpers). Amplify and forward (AF) 
and decode and forward (DF) are two of the most popular coopera-
tive networking strategies [14]. The most basic kind of collaboration is 
AF, in which the relay node amplifies and transfers the signal received 
from the source to the destination [2]. Relays, however, can use the DF 
approach to decode data before sending it to the target node.

Relay selection can be minimum or maximum depending on the 
desired output, as in Fig. 1 above. The authors in [15] discussed 
and developed the techniques to achieve ergodic capacity in the 
Rayleigh fading cases, and their work expanded to better signa l-to- 
inter feren ce-pl us-no ise ratio (SINR) conditions to achieve maximum 
capacity in multiple input multiple output (MIMO) relay channels.

The work in [16] evaluated network coverage and performance 
analysis while examining how cache-aided interference can improve 
network performance. The authors in [17] investigated the system’s 
throughput under relay-limited transmission modes.

In relay-to-relay scenarios, the study in [3] proposed comprehensive 
work on maximizing energy efficiency regarding sectorization cov-
erage. The author evaluated an antenna selection scheme followed 
by a relay selection scheme [18]. The outage probability of the pro-
posed scheme is plotted for different antenna configurations with 
variable SNR and distance, and the available relays with different 
antenna configurations are considered.

In [19], the authors outline an in-depth analysis of the outage perfor-
mance analysis, including mathematical derivatives in a closed-form 
expression. This indicates that the system’s outage performance is 
proportional to the spectral efficiency. Signa l-to- inter feren ce-plus-
no ise ratio is a fundamental matrix in mobile wireless communi-
cation. The authors investigated devices to devise techniques to 
improve far user SINR [20]. Minimizing latency is the key aspect of 
5th generation (5G) requirements [21]. The authors in [22] outline 
similar scenarios where the latency for high-reliability techniques 
has been investigated to improve multicast data in vehicle-to-every-
thing communication.

When multiple relays using MIMO are deployed in a network with 
the  aim of maximizing throughput, the system experiences inter-
ference among users. To overcome that, it is necessary to introduce 
algorithms in different topologies to minimize the outage probability 

Fig. 1. Classification of objectives of relay selection method.
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and interference while increasing spectral efficiency. Fig. 2 presents 
similar work to the proposed architecture, the only difference being 
the method and capacity to serve users. Based on NOMA principles, 
the proposed technique can be devoted to serving many users while 
maximizing fairness.

III. PROBLEM STATEMENT

Generally, the cellular system experienced exponential growth in 
application and data, and the increasing demand has pushed the 
evolution of 4G to the 5G network to support high data, reduced 
latency, better energy efficiency, reliable connectivity, and high 
data capacity [23]. In this research, a system fairness maximization 
approach to improve reliability in connectivity has been proposed. 
Users who are located far from the base station suffer considerably 
from providing reliability compared to near users, especially those 
users are in cell edges. NOMA multi-relay networks have been pro-
posed to support such drawbacks. Additionally, to balance user fair-
ness and obtain a fair recourse allocation mechanism, the network 
is optimized.

IV. PROPOSED WORK

Cooperative communication consists of the source node and users, 
unlike direct communication. The main idea behind cooperation is 
that stronger users act as a relay to boost the signal of the weaker 
users. In this research, NOMA-based cooperative multi-relay has 
been proposed to support far-user signals to deliver critical service. 
Fairness maximization in terms of power allocation techniques has 
been developed. Lastly, priority resource allocation has been devel-
oped to optimize system fairness regarding the power allocation 
algorithm.

Priority resource allocation has been proposed to serve users 
with priority service rather than the NOMA technique, where 
less power is given to a near user, and more power is allocated 
to a far user. In some instances, more resources can be directed 
to users who do not need to utilize them while users with high 
priority get fewer resources, which creates a huge challenge in 
wireless communication. The abbreviations and subscripts given  
in Table I.

V. THE SYSTEM MODEL OF THE PROPOSED TECHNIQUES

A. Direct Transmission Stage
Fig. 3 shows cooperative communication where the base station BS 
communicates with multiple relays to serve multiple users coop-
eratively; for clarification of direct transmission, the base station 
communicates with the user without involvement of a cooperation. 
This research considers a downlink cooperative communication 
as well as priority resource allocation to improve user fairness. For 
direct communication, the base station transmits M user’s messages 
using NOMA, where mn represents the nth user message and pn rep-
resents the power allocation coefficient of nth user [24] and the base 
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σ2  denotes the variance.

B. In the Cooperative Stage
In the cooperative stage, near users are relays for far users. The near 
users first decode far-user signals and then cancel far users’ signals 
using SIC to decode its signal. The use of the cooperative stage 
between the BS and relays (near users) improves the performance 
and reliability of far users. The near users utilize the information 
received from the direct transmission stage. The near users in the 
networks use one time slot for relaying the messages covering the 
interuser channels. The cooperative phase is therefore divided into 
M �� �1  time slots; this has been done to reduce interuser interfer-

ence as each near user will use one time slot to relay the message 
they want to transmit. In this study, an example of M near users and 

Fig. 2. Multiuser communication through multiple relays [23].

TABLE I. NOTATIONS AND SUBSCRIPTS

hn Rayleigh’s fading channel coefficient

x1 Represents the joint signal of all the user

pn Power coefficients of the nth user

MIMO Multiple input multiple output (MIMO)

SINR Signa l-to- inter feren ce-pl us-no ise ratio
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one far user is considered. At the beginning of this phase, near user 
1 transmits a superimposed signal with the actual information sig-
nal to the far user. The messages received in the direct transmission 
phase are relayed by the user cooperative stage. At the beginning 
of the cooperative stage, near user 1 will broadcast combined data 
consisting of all the user’s signals. The received signal at the far user 
receiver is

y p h x wFU
c c c

I
c

,1 1 1 1 1� ��  (4)

where pc
1  is the power allocation for user 1 in cooperative phase.

The superimposed signal is denoted by

x x x xI M EU� � �� �1 2  (5)

hc
1 : Rayleigh coefficient between user 1 and far user.

wc
1 : AWGN noise.

In a similar manner, the Mth user will transmit to the far user, and the 
received signal at the receiver of the far user is

y p h x wFU M
c

M
c

M
c

I M M
c

, � �� �1  (6)

where pM
c  is the power allocation for the user M in the cooperative 

phase.

The superimposed signal is denoted by

x x x xI M M EU� � �� �2  (7)

hM
c : Rayleigh coefficient between user 1 and far user.

wM
c : AWGN noise.

VI. RESULTS AND SIMULATION

In this section, the performance of the proposed work is investi-
gated using simulations in MATLAB v2022. Different parameters are 
used to compare the performance of far user performance for OMA 
(without NOMA), with NOMA with and without cooperation. From 
simulated results, the far user with cooperation has performed much 
better than the far user without cooperation and the far user without 
NOMA, which supports the theoretical assumption that cooperation 
outperforms non-cooperative and OMA, respectively.

As shown in Fig. 4, outage probability against SNR for three scenarios 
is compared. For cooperative NOMA, bit error rate decreases with an 
increase in SNR as compared to NOMA and OMA. Fig. 5 demonstrated 
the ability of NOMA over OMA in terms of capacity maximization. 

Fig. 4. Far user without NOMA, the far user with NOMA, and NOMA 
Cooperation.

Fig. 5. Capacity of NOMA vs. OMA.

Fig. 3. Optimum power control for the base station to relay system model.
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For lower SNR values, OMA outperforms NOMA; however, as SNR 
increases the achievable rate possible in NOMA increases as com-
pared to OMA.

Fig. 6 illustrates the outage probability of the near user and far user 
compared for different transmit powers. As transmit power increases, 
the outage probability of both users decreases. Outage probability is 
a measure of successful transmission, and the increase in transmis-
sion power decreases the chances of outage, leading to decrease in 
outage probability. The near user, being close to the BS, requires less 
power for transmission and has lesser outage probability.

VII. CONCLUSION

The work done in this study provides significant validation of the 
superior performance of cooperative communication to balance 
user satisfaction in terms of resource allocation to improve fairness 
maximization. In some cases, near users carry noncritical services 
while far users do; they need to maximize fairness to guarantee reli-
able connectivity in the mobile network. The work uses closed-form 
expressions for the outage probability for near users and far users. 
The work shows that the average achievable rate for NOMA outper-
forms OMA as SNR increases. Also, for higher transmission power, the 
outage probability of both types of users decreases: near and far. The 
work on NOMA is still significant; more research is still required to 
investigate the security aspect of NOMA and latency in the future.
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